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AMENDMENTS TO THE SPECIFICATION 

Please replace the Abstract of the Disclosure, beginning at page 37, line 3, with 
the following rewritten paragraph. 

A method and apparatus for use in determining the cardiac output. The method 
includes quantitatively measuring the patient's airflow, a first parameter indicative of the percent 
oxygen inhaled and exhaled by thc a patient 's oxygen uptake- and a second parameter indicative 
of the patient's fractional arterial oxygen concentration. The method also includes inducing a 
change in the patient's arterial oxygen concentration while taking these measurements to monitor 
the effects of the change in the patient's arterial oxygen concentration. The cardiac output is 
determined from the data collected regarding the effects of the change in the patient's arterial 
oxygen concentration. 



After the title and before the section entitled "BACKGROUND OF THE 
INVENTION" insert the following new section heading and paragraph. 

-CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. § 120 as a Continuation of U.S. 
Patent Appln. No. 10/172,271 filed June 14, 2002, which claims priority under 35 U.S.C. § 120 
as a Continuation of U.S. Patent Appln. No. 09/691,595 filed October 18, 2000, now U.S. Patent 
No. 6,413,226, which claims priority from provisional U.S. Patent Appln. No. 60/369,708 filed 
April 3, 2002, the contents of which are incorporated herein by reference.- 
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Please replace the paragraph beginning at page 1, line 10, with the following 
rewritten paragraph. 

There are several generally accepted techniques for measuring cardiac output 
(CO), which is the total volumetric flow of blood through the heart, and, thus, through the body 
at any given time. These techniques include: thermodilution, dye dilution, the direct Fick 
method, and partial C0 2 rebreathing. Thermodilution involves injecting cold saline directly into 
the right atrium of the heart and measuring the temperature change downstream in the pulmonary 
artery using a temperature sensor placed in this artery. Cardiac output is determined based on 
this temperature change versus time. Dye dilution is similar to thermodiluation except that a dye, 
rather than cold saline, is injected into the af tpulmonarv artery . The amount of dye collected 
downstream is measured to determine the patient's cardiac output. 

Please replace the paragraph beginning at page 3, line 15, with the following 
rewritten paragraph. 

This partial C0 2 rebreathing technique, however, has several disadvantages. 
Namely, the patient is preferably intubated or breathing through a trachea tube when taking the 
flow and C0 2 measurements to capture the total volume of C0 2 . In addition, the patient must be 
heavily sedated or unconscious so that he or she is not breathing spontaneously. If the patient is 
breathing spontaneously, the increased C0 2 level in the blood during the rebreathing phase would 
automatically trigger the patient's respiratory system to speed up or deepen the breaths to remove 
the excess C0 2 . It is well known that for most patient's, the level of C0 2T ttet -is more important 
than the level of Q?t4s as a4 he mechanism for triggering ventilation. Such a change in rate or 
depth of rapid-^>r-deef>"breathing prevents an accurate determination of cardiac output under this 
technique. It should also be noted that the use of end tidal C0 2 , as opposed tothe arterial CO? 
content, may introduce errors in determining cardiac output, because there are situations where 
the end tidal C0 2 may not correlate with the arterial C0 2 content. The partial C0 2 rebreathing 
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cardiac output measurement technique is also disadvantageous because it does not adequately 
account for shunt blood flow, which is blood that is not oxygenated during the respiratory cycle. 
This flow cannot be directly measured, but must be estimated when using this conventional 
cardiac output measurement technique. 

Please replace the paragraph beginning at page 4, line 1 1 , with the following 
rewritten paragraph. 

Accordingly, it is an object of the present invention to provide a method of 
measuring cardiac output that overcomes the shortcomings of conventional cardiac output 
measurement techniques. This object is achieved according to one embodiment of the present 
invention by providing a cardiac output measurement method that includes quaf#kafc¥ely 
measuring a patient's airflow, a first parameter indicative of a perc e nt oxygen inha l ed and 
exhaled by the patient 's oxygen uptake? and a second parameter indicative of the patient's 
fractional arterial oxygen concentration. The present method also includes inducing a change in 
the patient's arterial oxygen concentration and repeating these measurements to monitor the 
effects resulting from inducing the change in the patient's arterial oxygen concentration. The 
patient's cardiac output is determined based on the data collected. 

Please replace the paragraph beginning at page 5, line 1, with the following 
rewritten paragraph. 

It is yet another object of the present invention to provide an apparatus for non- 
invasive^ determining the cardiac output of a patient, including a spontaneously breathing 
patient, that does not suffer from the disadvantages associated with conventional cardiac 
measurement systems. This object is achieved by providing an apparatus that includes a patient 
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flow of 

gas to and from a patient an oxygen ana l yzing system adapt e d to measure system for measuring a 
first parameter indicative of a percent oxyg e n inhaled and exhaled by such a patient 's oxygen 
uptake- and means for measuring a second parameter indicative of the patient's fractional arterial 
oxygen concentration, such as a pulse oximeter. A processor determines the cardiac output based 
on the measured patient airflow, the first parameter, and the second parameter. In addition, an 
output device outputs the result indicative of the patient's cardiac output. 



Please replace the paragraph beginning at page 6, line 4, with the following 
rewritten paragraph. 

Figs. 3 A and 3B are graphs 4s-argrapk illustrating the change in oxygen uptake that 
takes place during an induced change in arterial oxygen concentration according to the cardiac 
output measurement method of the present invention; 



Please replace the paragraph beginning at page 6, line 9, with the following 
rewritten paragraph. 

Figs. 5 A and 5B and 6 are graphs illustrating the change in oxygen uptake and 
arterial oxygen concentration, respectively, resulting from the induced change in arterial oxygen 
concentration including the potential effects of recirculation; 

Fig. 6 is a graph illustrating the change in arterial oxygen concentration resulting 

from the induced change in arterial oxygen concentration including the potential effects of 
recirculation; 
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Please replace the paragraph beginning at page 7, line 13, with the following 
rewritten paragraph. 



(1) quantitatively measuring (a) th e patient's airflow, (b) a parameter indicative of 
the pereen t oxygen i nhaled and exhal e d bv o xveen uptake of the patient, and (be) a parameter 
indicative of the patient's fractional arterial oxygen concentration (Xa0 2 ); 



Please replace the paragraph beginning at page 7, line 16, with the following 
rewritten paragraph. 



(2) inducing a change in the patient's arterial oxygen concentration while taking 
measurements (aVfe tond (b) set forth in step (1) to monitor the effects of the change in the 
patient's arterial oxygen concentration; and 



Please replace the paragraph beginning at page 8, line 4, with the following 
rewritten paragraph. 

It is important to note that the patient's arterial oxygen concentration, not their 
carbon dioxide concentration, is what is being manipulated in order to induce a change in the 
patient's oxygen uptake and fractional arterial oxygen concentration. As a result, this method 
can be performed on a spontaneously breathing patient, as well as on a patient who is not 
spontaneously breathing. Unlike changing the patient's CO2 concentration, changing the 
patient's arterial 0 2 concentration for a short time will not cause the patient to automatically 
attempt to alter their breathing pattern to move the 0 2 concentration back to normal. Because 
this cardiac output measurement technique involves inducing a change in the patient's arterial 
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oxygen concentration, it is referred to as an oxygen concentration modification cardiac output 
measurement method. 



Please replace the paragraph beginning at page 9, line 3, with the following 
rewritten paragraph. 

According to the present invention, the patient's quantitative airflow and a 
parameter indicative of the percent oxygen inhaled and exhaled by the patient are measured to 
determine the patient's oxygen uptake. Oxygen uptake , also referred to as oxygen consumed b y 
the patient, is the amount of oxygen absorbed into the blood in the lungs. It is typically 

expressed in liters as a volume V0 2 or in liters per minute (1pm) as a volume flow rate VQ 2 . 
Thus, equation (1) can be rewritten as follows: 

CO(liters) = AV ° 2 — ,« (2) 
AXa0 2 (T) 

where T is a period over which the arterial oxygen concentration changes in response to a change 
in oxygen absorbed into the blood, as discussed in greater detail below with reference to Fig. 4. 
Equation (I) can also be rewritten as: 

CO(lpm) = AV ° 2 . (3) 
F AXa0 2 



Please replace the paragraph beginning at page 10, line 14, with the following 
rewritten paragraph. 

There are a variety of parameters indicative of fractional arterial oxygen 
concentration, Xa02, of a patient that can be measured and used in the cardiac output 
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determination method. One embodiment of the present invention contemplates measuring at 
least one o£the following blood gas constituents, Sa02, Pa02, and Ca02 as the parameter 
indicative of the patient's fractional arterial oxygen concentration Xa02. These parameters are 
measured from an arterial blood sample or using a continuously indwelling catheter. It is 
preferable for one or more of these constituents to be measured continuously, for example, using 
an indwelling catheter so that the effects of the induced change in arterial oxygen concentration 
on the oxygen uptake and fractional arterial oxygen concentration can be monitored on a 
substantially continuous basis. This is especially important because of the relatively short 
duration of the effects of the induced change in arterial oxygen concentration resulting from the 
oxygen concentration modification step. 

Please replace the paragraph beginning at page 13, line 15, with the following 
rewritten paragraph. 

A patient's Sa0 2 , Pa0 2 , or Ca0 2 can only be measured by sampling the patient's 
arterial blood or using a continuously indwelling catheter, either of which is a relatively invasive 
procedure. Sp02, on the other hand, which is an estimation of Sa0 2 , is measured non-invasively. 
Therefore, measuring the patient's Sp0 2 has the advantage of being fast, easy, and non-invasive. 
If Sp0 2 is taken as the measured parameter, it is considered an approximation of Sa0 2 , i.e., Sp0 2 
« Sa0 2 . Thus, the conversion factor k is applied to the measured Sp0 2 to arrive at the patient's 
fractional arterial oxygen concentration Xa02, i.e., Xa02 ~ s Sp02 * k. 

Please replace the paragraph beginning at page 14, line 17, with the following 
rewritten paragraph. 
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Reducing the patient's oxygen saturation can be accomplished by reducing the 
fraction of inspired oxygen (FIO2) in the patient's inhaled gas. This can be accomplished, for 
example, by increasing the concentration of other inhaled gas constituents, such as nitrogen, 
which has the effect of lowering the patient's arterial oxygen saturation. In one embodiment of 
the present invention, the patient breathes nitrogen for one or more breaths, thereby reducing 
their arterial oxygen concentration. This technique is particularly suited for patients with a 
relatively high baseline oxygen concentration. 



Please replace the paragraphs beginning at page 16, line 13; page 17, line 4; and 
page 17, line 9 , with the following rewritten paragraphs. 



It is well known that the rate of flow (Q) of a fluid, which is typical ly expressed in 

liters per minute (1pm), is defined as: 

„ V 



t 



during that period is determined as follows: 

V 



>f-fk+id 



t„-t a 



T : he-fetiewffigHiel^e»ships ar e also known : 



-Xa0 2 — 2-rW- 



y = 2 



Xa0 2 

Substituting equation (1 4 ) into equation (13) yi e lds: 

VO, 



XaQ 2 *(t b -t a ) 
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E qu ation (16), however, cannot be used to det er m i ne a patie nt's carAkie-OHtptH 

because it do e s not take into consideration the fact that in the pulmonary system, the venus blood 
contains a predetermined level of oxygen before it is oxygenated in the lungs. In addition, this 
equation does not take into consideration blood that is shunted across the lungs and does not get 
<>xygef^ed-4mt^-^r breathing cycle. 

The pres e nt invention tak e s these items into consideration and accounts for their 

effect by, in essence, determining the baseline oxyg e n conc e ntration and oxygen uptake for the 
patie n t, then executing the oxygen concentration modification step, in which the p atien t's 
fraetkfflal art e rial ox ygen concentration is chang e d from the bas e line valu e . The -present 
i nvention determines cardiac output by monitoring the arterial oxygen concentration and oxyg e n 
uptake during this oxygen concentration modification step and by comparing the changes in the 
arterial oxygen concentration and oxygen uptake to the baseline levels. 

It is well known that the flow of fluid in a stream or conduit can be measured by 

monitoring a known mass or bolus of an indicator fluid downstream of where it was introduced 
into that stream. For example, it is known that the flow of fluid can be expressed as follows: 
_ m mass of indicator injected 

Flow = — = _ (12) 

cT concentration of indicator x time period of change in concentration 

This relation is described, for example, by L. A. Geddes et al. in the textbook entitled, 
"Principles of Applied Biomedical Instrumentation", 3rd Edition, 1989, pages 576-578, and is 
the same principle used to measure cardiac output using the dye dilution techniq ue. 

The present invention contemplates introducing a bolus of non-oxygen into a 

patient's circulatory system as the indicator fluid rather than introducing a conventional dye. In 
other words, the present invention contemplates perturbing the cardiorespiratory system by 
r em oving a known volume of oxygen, which is referred to herein as introducing a bolus of non- 
oxygen into the system. Introducing a bolus of non-oxygen is equivalent to inducing a change in 
the patient's arterial oxygen concentration as discussed above. If the indicator fluid is a bolus or 
mass of non-ox ygenated blood, the relationship described in equation (12) can be rewritten as 
follows: 
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VO 

CO= 1 2(bohls) , Q3} 

(X a 0 2 )(T) 

where CO is cardiac output, YO ;^ ^ is the volume of non-oxygen taken up or absorbed by the 
blood in the lungs, i.e., the oxygen uptake of the non-oxygen bolus. T is the period over which 
the arterial oxygen concentration changes, i.e.. a decrease in the illustrated embodiment, in 
response to the change in oxygen taken up by the patient (See Fig. 4), which is also a decrease in 
the illustrated embodiment. Finally, X a Q 2 is the mean arterial oxygen concentration over period 

T. 



Please replace the paragraph beginning at page 17, line 17, with the following 
rewritten paragraph. 

Figs. 3 A and 3B *s~are a-graphs that illustrates the change in a patient's volume 
flow rate of oxygen taken in by the blood V0 2 (Fig. 3A) and the change in o xygen uptake^ V0 2 t 

(Fig; 3B) that takes place during the oxygen concentration modification step, in which a change 
in the arterial oxygen concentration, Xa0 2 , is induced using any of the above-described 
techniques. More specifically, Figs. 3A and 3B illustrates the change in oxygen uptake that takes 
place by having the patient take one breath, i.e., from time ti to t 3 , that is relatively devoid of 
oxygen. It should be noted that the change in oxygen uptake volume is illustrated in a step 
fashion i n Fi g. 3 B because oxygen uptake is measured and calculated on a breath-by-breath basis. 
As shown in Figs. 3 A and 3B , it takes several breaths for the patient's oxygen uptake to stabilize 
back to its baseline level. Area A in Fig. 3A represents the change in the oxygen uptake AVO2 

AV0 2 of the patient that occurs as a result of the oxygen concentration modification step. 

S i milarl y . Fi g . 3B represents a histogram of the oxygen uptake vol um es 100, 102, 104, and 106 
resulting from the oxygen modification step. 
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Please replace the paragraph beginning at page 18, line 7, with the following 
rewritten paragraphs. 

Fig. 4 illustrates the change in arterial oxygen saturation concentration S-aQa -XaO ? 
resulting from the induced change in arterial oxygen concentration, which, in this embodiment, 
involves having the patient take one breath that is devoid of oxygen. In other words, Fig. 4 
graphically shows the decrease in arterial oxygen concentration that occurs over time period T 
resulting from the oxygen concentration modification step shown in Figs. 3A and 3B, which, in 
the present embodiment, is a decrease in the oxygen uptake. 

The volume of non-oxygen taken by the patient's blood. VQa &gi^ whic h is s h own 

as area A in Fig. 3 A. can be calculated as follows: 

— - vo 2(bolus) = J[VO 

2(baseline) 

(OJ-VO^COJdt, £14} 

0 

where V O 2(baseline) (0) is the baseline steady-state volume flow rate of oxygen taken up by the 

blood prior to the bolus injection, and V 0 2(bo]us) (t) is the volume flow rate of oxygen taken up by 

the blood after the bolus injection. It should be noted that period T in equation (14) can be the 
same as period T in Fig. 4, or it can be a different period, so long as the function of calculating 
the volu me of non-oxygen taken up by the blood is substantially met, i.e., area A is calculated to 
a close approximation. 

The mean arterial oxygen concentration, X a O 2 , which is shown in Fig. 4. can be 

calculated as follows: 

X a 0 2 =i)[X a O 2 (0)-X a O 2 (t)]dt J 05) 

1 0 
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where X^ O ^O) is the baseline steady-state arterial oxygen concentration prior to the bolus 
injection, and XXtyt) is the arterial oxygen concentration after the bolus injection. 
Combining equations (14) and (15) into equation (13) yields: 

{[VO 

2(baseline) 

(0)-VO 2(bolus) (t)]dt 

CO = -^ s 06} 

J[X a O 2 (0)-X a O 2 (t)]dt 

0 

Thus, a patient's cardiac output can be estimated by monitoring the patient's o xyg en uptak e 
using any conventional technique and by measuring a parameter indicative of the patient's 
fractional arterial oxygen concentration (.XaOr) before and after a bolus of non-oxygen is 
introduced into the patient's system, which has the effect of altering the patient's arterial oxygen 
concentratio n. 

It can be appreciated that the expression V0 2(b3;:eUne) (0) - V0 2(b0]us) (t) jVthe 

numerator in equation (16) represents the change in the volume flow rate of oxygen taken up by 
the blood r ela tive to the baseline steady-state volume f l o w rate. In the ex a mple shown in Figs, 
3 A and 3B. this change is shown as a lowering of the volume How rate of consumed oxygen, i.e., 
dipping of the VO 2(b0lus) (t) curve below the baseline, because in this example, the patient was 
p r es e nted with a bolus of non-oxygen, e.g., by reducing the PICK 

However, the present invention also contemplates presenting the patient with a 

bolus of increased oxygen, e.g.. by increasing the FIO?. The result will be an increase in the 
volume flow rate of consumed oxygen, i.e., an increase of the VO 2(bolus) (t) curve above the 

baseline. In which case, the change in the volume flow rate of oxygen taken by the blood relati ve 
to the base-line steady-state volume flow rate in equation (16) can be expressed as follows: 

_ V0 2(bolus) = ][V0 2(b0 ^ Q7) 

o 

This would similarly cause the change in arterial oxygen concentration to appear as in increase 
over the baseline value so that equation (16) can be expressed as: 
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X a 0 2 = 1 J[X a O 2 (t)-X a O 2 (0)]dt a Q8} 

Thus, as before, we can substitute equations (17) and (18) into equation (13) to get: 

{[VP 

2(boIus) 

(t)-VO 2(baseline) (0)]dt 

CO = ^ , (19) 

j[X a O 2 (t)-X a O 2 (0)]dt 

0 

Equation (19) represents situations where the patient recei ves an increased level of oxygen as a 
means to alter the arterial oxygen concentration. It should be noted, however, that equation (1.6) 
is suitable for either situation, because the signs in the numerator and denominator wou ld canc e l 
where there is an increase over the baseline value. 

It can be further appreciated that the numerator in equation (13) represents by the 

sum of the volumes VP ? in the histogram shown in Fig. 3B. That is, summing volumes 
indicated by levels 100, 102, 104, and 106 yields an indication of the total volum e of non-ox ygen 
taken in by the blood. Thus, equation (13). can be rewritten as: 

Z AV0 2 

CO = J: , £20) 



XaP 2 *T 



where V AVP 2 represents the sum of the bars of the histogram during period T (which is 
o 

de t erm in ed a s dis cussed above with respect to Fig. 4). Substitutin g equ ation (15) into equation 
(20) allows equation (20) to be rewritten as: 

T 

Z AV0 2 

CP = °- (21) 

J[X a P 2 (0)-X a P 2 (t)]dt 
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Either technique: 0 integrating curve V0 2(bolus) (t) over period T (Fig. 3A, equations (16) and 

□ 9)h or 2) summing the changes in volume of oxygen taken in by the blood A VP? over period T 
(Fig. 3B, equations (20) and (21)) provides an estimation of cardiac output. 

Area B in Fig. 4 r e presents the change in art e rial oxyg e n concentration AXaOa 

that occurs as a result of oxygen concentration modification step. These changes ar e measur e d 
and us e d to calculate cardiac output as follows: 

ft- ^22 , m 

AXaO,»(t,-t,) 

where: 

AVQ .1 -"fflg VO 2 base l ine — V Oa a ft cr oxygen-eon co- n tr ar i on modif i cat i on L-( 18) 

AXaQa-^-XaQ^^tte— •XaQ^.ft^. X y^ c on c e ntrdt iot^HettitoHefl -f^ 



Please cancel the paragraphs beginning at page 18, line 17, and page 19, line 4, in 
their entirety, as indicated below: 

It can be appreciated from Figs, 3 and 4 that although the patient takes only one 

breath that is devoid of oxygen, the patient's oxygen uptake will shift from its baseline level for 
s e v eral breaths, i.e., from time t« to time t& Therefore; the present invention contemplat e s 
summing the oxygen uptake that occurs for each breath over the entire time, t a -te-tfc , -that the 
oxygen uptake is shifted from baseline, which, in effect, amounts to determining the area A under 
the curve, which is why this technique i s referred to in the section heading as "Calculating 
Cardiac Output Based on the Area Under the Curves/' 
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The pati e nt's arterial oxygen concentration will also shift from it s bas eli ne lev el 

fer-a period of tim e-Mo-t ^. Therefore, the present invention contemplates finding fo e-average 
arteri al oxygen concentration resulting from the oxygen concentration modification st e p. It 

of th e oxygen concentration modification step, i.e., V ^H ,. because it takes some time for the 
change in inspir e d oxygen level to affect the patient's arterial oxygen concentration. Thus, 
equation (19) for the present invention is rewritten as: 

I>vo 2 



- Q= := 



AXa0 2 *(t.-t a ) 



i * j.i.t i 'ii.ii..vt.^. 

IZ-vj tltttt\7i I 



S(vo 



2 baseline 



VO 



2 after oxygen concentration modificati on 



)t b -t a 



I 



-SpO 



2 baseline 



2 after oxygen concentration modificati on 



(t d -t c ) 



|dt*(t b -t a ) 



where: 



VQ 2 ~ f (Q patient [%O 2 /100])dt g (Q patient [%O 2 /100])dt ; 



Please replace the paragraph beginning at page 19, line 17, with the following 
rewritten paragraphs. 

Figs. 5 A, 5B, and 6 are similar to Figs. 3 A, 3B. and 4, respectively, except that 
Figs. 5 A, 5B, and 6 take into consideration a scenario in which the bolus of oxygen or non- 
oxygcn in the patient's blood begins to recirculate at time x during the oxygen concentration 
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modification step. As shown in Fig. 5 A, recirculation will cause the volume flow rate of oxygen 
taken by the blood V0 2(bolus) (t) . i.e., curve 103, to move toward the baseline level slower than if 

there wa s no recirculation, as indicated by portion 105 of curve 103. Similarly, as sh o wn i n Fi g . 
5B, the volume of oxygen taken in by the blood VO? will also move toward the baseline level 
more slowly. This can be appreciated by comparing Fig. 5 A to 3A and Fig. 5B to Fig. 3B. As 
shown in Fig. 6, the arterial oxygen concentration XaOo curve 107 will also move toward the 
baseline, steady-state level more slowly than in the absence of recirculation. 

The present invention contemplates dealing with the effects of recirculation by 

estimating time period T for use in the above cardiac output calculations. Estimating T involves 
extrapolating curve 107 using conventional extrapolation techniques, as shown by dashed line 
10 9 , to d e ter mine an extrapolated time t: a when the arterial oxygen concentration returns to t h e 
base line level. T is then determined from the start, of the change in arterial oxygen concentration 
to time t a , as shown in Fig. 6. This time period T based on extrapolation is then used, as shown 
in Fig. 5 A to solve equation (15), or as shown in Fig. 5B to sol ve equation (19). For example, 
t he consumed oxygen volumes corresponding to levels 1 10, 1 12, and 1 14 would be used in 
solving equation (19). while levels 11,6. 1 18, and 120 would not, frem be appr e elitfedhfeem-Rgr 
5, that the patient's oxygen uptak e may increase above baseline and then eventually return to its 
baseline level at time W. It this situation, the only area of inter e st is the area under the baseline, 
i.e., area A + . That is, the effects of recireulatation, and, hence, area A^ should be i gnored i n 

d e termin e the baseline crossing point, which corresponds to point k in equation (21 ). Thus, the 
change in oxygen uptake resulting from the oxygen concentration modification step, in this 
situation, will take into consideration the sum of areas and Aa for purpose of solving equation 
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Please cancel the paragraphs beginning at page 20, line 9, and page 20, line 15, in 
their entirety as follows: 

Fig . 6 ill ustrates that a second dr e p i n th e patient's arterial oxyge n^x iluratio n-^4ti- 

occur at time x due to the recirculation of the relatively oxygen poor blood. If this second drop, 
which is represent e d by area B & is minimal, it can be ignored for purposes of determining the 
time period t c .4€v4^ . Thus, the time period t e 4e4 ^ associated with areas B 4 and are used to 

However, if this s e cond drop is not minimal, the time period M o-t ^ associated 

with area B± alon e is used for solving equation (21). The location of time t^ . is determined using 
any conventional extrapolation technique. Of course, the present invention contemplates using 

the size of area B^ is above the predetermined minimal thr e shold and must be accounted for in 
sol ving equation (21). 

Please replace the Section title at page 21, line 1, with the following rewritten 

title. 

B. Technique 2 for- Calculating Cardiac Output Based on tho S l opes of 
tho Curves 

Please cancel the paragraph beginning at page 17, line 17, in its entirety as 

follows: 

Figs. 7 and 8, like Figs. 3 and 4 , illustrate the changes in the patient's oxygen 

uptake and arterial oxygen saturation, respectively, r e sulting from the oxyg e n concentration 
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modifica tion step. F r om Fig. 7, it can be appr e ciated that the change in oxyg e n u ptak e that takes 
place duri ng th e first br eat h of the oxygen concentration modification step can be-i4efffiec4-m 
terns of its slo p e-asr 

Ay _ y 2 -yi _ vo 2 (t 3 )-vo 2 (t j ) 



-AY©. 



Ax 



x 2 X, 



t 3 — t, 



recall from above that t + . corresponds to the start of inspiration and that U corresponds to the end 
of expiration, and w here VOa fa. ) and VQ^ fe ) are the oxygen uptakes at times U-*ffi4-h 7 
respectively. It can be further appr e ciat e d that equation (23) defines the slope of dashed line C in 
Fig* 7. 



Please cancel the paragraph beginning at page 21, line 13, in its entirety as 



follows: 



From Fig. 8, it can be appreciated that that th e change in fractional arterial oxygen 

concentra tion that takes place during the same time p e riod t$ — h can also b e defin ed in terms of 
its slope as: 

Xa0 2 (t 5 )-Xa0 2 (t 4 ) 



AXa C L = 



1 4 -^-^— fc 4 ., and where XaO^) and XaO.^) are th e arte rial oxyg e n c ^eet^-rat-ien-at 
tem^^-4^j^4^espe ctively > It can be further appreciat e d that eq ua ti on (2 4) de fines t he s'lop e-ef 
dashed-Kn e D in Fig. 8. Therefore, thi s ca r di a c out put determination te ehn4q^eH^r^^ed4(>4H 
the4mme4i a t ely p re ceding section h e ading as the "Slopes of th e Cu r v e" t ee^^^er-freffl 
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AXaCh 



Substituting equations (23) and (24) in to equation (25) yi e lds: 



AV- 


"V0 2 (t 3 )-V0 2 (t 1 )l 


t 5 -t 4 1 


— m 




L t,-t, 'j 


_Xa0 2 (t 5 )-Xa0 2 (t 4 )'j' 





From equations (13) and (26), the patient's cardiac output Q in liters per minute is defin e d as: 






"V0 2 (t 3 )-V0 2 (t 1 )l 


t 5 


-t 4 1 


(274 


t 3 - tl 


(t 3 -t,) 2 J 


Xa0 2 (t 5 ) 


-Xa0 2 (t 4 )'j' 





Please replace the paragraph beginning at page 22, line 7, with the following 
rewritten paragraphs. 

It can be appreciated that det e rmining cardiac output based on the slopes of lines 

C and D is advantageous in that the ef fects of recirculation, if any, do not i nflu e nce the 
determination of cardi ac o utp ut. 

In another formulation for cardiac output, we start with the simple relationship 

between the volume of oxygen contained in an arbitrary volume of flowing blood. The oxygen 
volume can be evaluated as: 

AV0 2 =(AX a 0 2 )(AV), (22) 

If we solve for total blood volume, equation (22) becomes 



AX 0 O 2 
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We will assume that the volume of oxygen in the numerator of (23 ) is .simply the 

oxygen taken up bv the blood as measured at the airway. This is simply: 

AV0 2 = V0 2 (t sta[t )- V0 2 (t end ) 3 (241 

where t^ is the volume at an arbitrary starting point on the volume time curve of airway oxygen 
and t^ d is the volume at some point in time after W. 

The change in arterial oxygen concentration can then simply be written as: 

AX a 0 2 =X a 0 2 (t; tart )-X a 0 2 (t , end ) J (25) 

where t ' stm is the temporal location in the concentration curve that corresponds physically to 
and t' end is the temporal location in the concentration curve that corresponds physically to W 
Substituting equations (24) and (25) into (23). we have 

AY- V0 2( t stan)-VQ 2 (ten d ) ^ ^ ^ 



x a o 2 (t; tart )-x a o 2 (t: nd )" 

Because equation (26) represents the volume of blood, we can calculate the 

cardiac output as: 

AV 

CO= , , 3 (27) 



t - t 

end start 

Note that because cardiac output is the flow of blood , we mu st use t h e t ime s pa n 

associated with the flowing blood, t' cnd -t^. 

Finally, substituting equation (26) into equation (27), we have : 



CO = 



1 



vo 2 (t 5ta rt )-vo 2 (t end ) ,1 
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Referring now to Fins. 7 and 8, for example, W corresponds to point: I k t' stm 

corresponds to point u , is arbitrarily selected for illustration purposes as and t^ nd therefore 
correspond to point ts. Thus, cardiac output can be determined as: 

i .1 



co = 



V0 2 (t,)-V0 2 (t 3 ) 1 

t 5 -t4 , JLX a 0 2 (t 4 )-X a 0 2 (t 5 ) l j' 



Please replace the paragraph beginning at page 22, line 12, with the following 
rewritten paragraph. 

Yet another technique for determining cardiac output involves comparing the 
magnitude of the change in oxygen uptake with the magnitude of the change in arterial oxygen 
concentration resulting from the oxygen concentration modification step. Figs. 9 and 10 
illustrate the changes in the patient's oxygen uptake and arterial oxygen saturation, respectively, 
resulting from the oxygen concentration modification step. From Fig. 9, it can be appreciated 
that there is a relatively large initial drop in oxygen uptake at the start of the oxygen 
concentration modification step, i.e., from time ti to t 3 . The magnitude of this drop can be 
determined from the output of the flow sensor and the oxygen analyzer using any conventional 
technique. From Fig. 10, it can be appreciated that there is ^corresponding drop in arterial 
oxygen saturation. Although, as noted above, this drop in arterial oxygen concentration is 
delayed in time from the initial drop in oxygen uptake. This drop begins at time t c and reaches a 
maximum difference from the initial baseline level at time t m . The value of the fractional arterial 
oxygen concentration at t m , Xa0 2 (t m ), can be determined using any conventional technique. 
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Please replace the paragraph beginning at page 23, line 6, with the following 
rewritten paragraph. 

As a side note, it is worth remembering that the oxygen concentration 
modification step also contemplates increasing the patient's arterial oxygen in some situations. 
In which case, the change in oxygen uptake will be in the positive direction, opposite that shown 
in Figs. 3 A, 3B , 5AJ5B, 7, and 9. Similarly, the change in the fractional arterial oxygen 
concentration will also be in the positive direction, opposite that shown in Figs. 4, 6, 8, and 10. 
The techniques for determining cardiac output discussed herein are equally applicable where the 
oxygen concentration modification step is** performed by increasing the patient's arterial oxygen. 



Please replace the paragraph beginning at page 23, line 14, with the following 
rewritten paragraph. 

Referring again to Figs. 9 and 10, one embodiment of the present invention 
contemplates comparing the magnitude of the change in oxygen uptake from time ti to t 3 with the 
magnitude of the change in arterial oxygen concentration from time t c to t m , so that the patient's 
cardiac output is defined as: 

AVQ^Magnitude 




CQ = ^ ^ = AVO^Magnitidet^ot,) 

^S(^(Magnitude t^SJ AXa0 2 (Magnitide t c to tj ' "~ 

It can be appreciated that equation (3 &30) represents a direct calculation for cardiac output 
because the units represented by the numerator are, for example, liters/second or liters/minute, 
and the denominator is unitless. 
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Please replace the paragraph beginning at page 24, line 1, with the following 
rewritten paragraph. 

Another embodiment of the present invention contemplates determining cardiac 
output based on the time period t c to te, where t c to te = U to t 3 , so that 
AVQ^Magnitude tj&^jr 
CQ ^ ^ - A VQ 2 (Magnitide t, to t 3 ) ^ 

AXatf^Magnitude t/^M AXa0 2 (Magnitide t c to t e ) 

As with equation (2830), equation (2931) also represents a direct calculation for cardiac output 
because the units represented by the numerator are, for example, liters/second or liters/minute, 
and the denominator is unitless. In these embodiments, the change in magnitude of the oxygen 
uptake and fractional arterial oxygen concentration are monitored during the oxygen modification 
step, which is why this technique is referred to in the preceding section heading as the 
"Magnitude of the Curve" technique. 

The determination of cardiac output using equations (30) or ( 3 1) c an al s o be 

understood by referring back to equation (16). That is, equation (16) can be readily derived to 
arrive at equation (30) or (31). For example, if equation (16) is adjusted by multiplying the 

denominator across the expression we have: 

T t 

CO J[X.0 2 (0) - X a 0 2 (t)]dt = J[V0 2(base]ine) (0) -V0 2(bolus) (t)]dt , (32) 

o o 

D i fferentiating both sides of equation (32) w ith respect to time yields the following expression : 

CO[X a 0 2 (0) - X.O a (t)] = [V0 2(baseline) (0) - V0 2(bolus) (t)] t 133} 

which can be rewritten as: 

QQ — 1-^® 2(baseline) ^ " ^^2(bo1us) (*)] ^4.) 

" [X a O 2 (0)-X a O 2 (t)] ' 

I t can be appreciated that equation (34) corresponds to equations (30) and (31V where A V O 2 in 
equation ( 30) or (3 1) is equal to the expression VQ 2 (b aS eiine) (0) " V0 2(bolus) (0 LO equation (34), and 
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where AXaQ 2 in equations (30) and (3 1) is equal to the expression X 3 Q 2 (0) - X n O ? (t) in 

equation (34). except that specific times t m or are used in equations (30) and (31 ) in place of 
V0 2(bolus) (t) in equation (34). 



The Section entitled, "D. Technique 4 - Calculating Cardiac Output Based on the 
Volume of the Blood Flow" should be deleted in its entirety as follows: 



D. Tochniquo A ■ Ca l culating Cardiac Output Basod on tho Vo l ume of 
Blood F l ow 



ft is known that: the volume of blood flowing through the heart during a breathing 



cycle is defined as: 



bl00d J ay^o 



/AXaO, 



and # 



^ed-h-e^ 



- blood 



blood 



\\- Qfif\-\$Q- ■ app t ©c ] atfc 
cardiac output. 



Please replace the paragraph beginning at page 27, line 5, with the following 
rewritten paragraph. 

However, the present invention also contemplates that the patient flow measuring 
system, the oxygen analyzing system, and arterial oxygen concentration measuring system, or any 
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combination thereof, can be integrated into a single housing 43, as shown, for example, in Fig. 
12. In this embodiment, the measuring elements of each system, such as the flow element 33, the 
airway adapter and O2 transducer 35, and the pulse oximeter sensor 39, provide inputs, e.g., 
electronic, optical, pneumatic, or otherwise, to one or more processing systems in housing 43. 

Please replace the paragraph beginning at page 27, line 12, with the following 
rewritten paragraph. 

Also necessary for purposes of the present invention, as shown in Fig. 12, is a 
device or technique, generally indicated at 50, for inducing a change in the patient's arterial 
oxygen concentration. In the illustrated exemplary embodiment, device 50 is a rebreathing 
system that captures the patient's expired gas in a collection reservoir 52. A valve 54 controls 
the flow of gas, so that when the cardiac output system is not actuated, the patient's airway 
communicates with ambient atmosphere or a conventional ventilator or pressure support system 
(not shown). In this embodiment, when the cardiac output is to be measured, valve 54 is 
controlled manually or via processor 36, to cause the patient's exhaled gas passee ko be delivered 
to reservoir 52 where it is collected. Because the gas collected in reservoir 52 has been exhaled 
by the patient, its oxygen concentration is significantly reduced. 
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AMENDMENTS TO THE DRAWINGS 



The attached sheets of drawings includes changes to FIGS. 3-8 . These sheets, which include, 
FIGS. 3A-8, replace the original sheets including FIGS. 3-8. 

Attachment: Replacement Sheets. 
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